Blood transfusion is unpredictable in liver transplantation and is associated with increased patient morbidity, mortality and cost. This retrospective analysis was conducted to detect factors which could predict intraoperative transfusion of more than four units of packed red blood cells (PRBCs) during elective living donor liver transplantation (LDLT). Methods: This was a single-centre retrospective study. Demographic, clinical and intraoperative data of 258 adult patients who underwent LDLT from March 2009 to January 2015 were analysed. Univariate and multivariate regression model was used to identify factors responsible for transfusion of more than four PRBCs (defined as massive transfusion [MT]). Results: On univariate regression analysis, preoperative factors like aetiology of liver disease, hypertension, history of spontaneous bacterial peritonitis, low haemoglobin and fibrinogen, high serum bilirubin, high blood urea and creatinine, high model for end-stage liver disease score, portal venous thrombosis, increased duration of surgery and anhepatic phase as well as increased use of other blood products were found to be significantly associated with MT. Multivariate logistic regression analysis revealed that the only independent factor associated with MT was the number of units of fresh frozen plasma transfused (odds ratio = 1.54 [95% CI (1.12-2.12)]). Conclusion: Many factors are responsible for the need for transfusion during LDLT. Preoperative factors alone do not accurately and consistently predict the need for MT as in our study. It is important to be prepared for need for MT during each transplant.
INTRODUCTION
Massive transfusion (MT) during liver transplantation results in significant increase in morbidity, mortality and cost of treatment. [1] [2] [3] [4] [5] [6] Factors associated with increased blood transfusion include pre-existing coagulopathy, [7, 8] previous abdominal surgery, low haemoglobin, high model for end-stage liver disease (MELD) score, duration of surgery and portal venous thrombosis (PVT). [9] These factors, however, do not predict intraoperative transfusion consistently and studies have been mostly conducted in a deceased donor setting. [4, 9] The aim of this study was to detect factors which predict transfusion of more than four units of packed red blood cells (PRBCs) during living donor liver transplantation (LDLT).
METHODS
This was a single-centre retrospective study. After Institutional Ethics Committee approval, data of patients more than 18 years of age who underwent elective LDLT for chronic liver disease (CLD) between March 2009 and January 2015 were retrospectively analysed. Patients who received a right lobe graft with middle hepatic vein (MHV) were included in the study. All patients were operated by the same surgical unit using a standardised technique. Portocaval shunt was made during anhepatic phase and piggy-back technique was used during implantation instead of venovenous bypass.
The anaesthesia protocol was also uniform. General anaesthesia was induced using intravenous fentanyl and propofol. Atracurium was used as the non-depolarising muscle relaxant. Rapid sequence intubation using rocuronium was reserved for patients with refractory ascites. Anaesthesia was maintained with isoflurane (MAC 0.8-1) along with iv infusions of fentanyl and atracurium. Fluid and inotrope administration were guided by pulse contour-based cardiac output monitoring using FloTrac. The target mean arterial pressure was 65 mmHg and stroke volume variation (SVV) <12%. Methylprednisolone was administered to all patients prior to reperfusion intravenous boluses of phenylephrine and/or adrenaline was used to manage the post reperfusion syndrome. All patients were shifted sedated on mechanical ventilation to transplant ICU for further stabilisation, monitoring and management.
A uniform protocol was followed for transfusion of blood products. Leucodepleted PRBCs were transfused to maintain a target haematocrit of 24. Thromboelastography (TEG) was used to guide transfusion of fresh frozen plasma (FFP), platelets and cryoprecipitate in the presence of oozing as per the departmental protocol. About 2 units of FFP were transfused if the R on TEG was >9 but <14 min while 4 units were transfused if R >14 min. If the angle was <45°, 4-6 units of cryoprecipitate were transfused. For an MA <55 mm, 1 unit of single donor platelet concentrate was transfused.
Data collected included patient demographics, aetiology of liver disease, history of decompensation, previous abdominal surgery, presence of PVT, spontaneous bacterial peritonitis (SBP), MELD score and preoperative laboratory parameters. Intraoperative details collected included total anhepatic time, cold and warm ischaemia times (WIT) and intraoperative blood products transfused.
Patients were grouped into two groups based on the number of units of PRBCs transfused intraoperatively. Patients who received ≤4 units of PRBC were allocated to group A, whereas those who received >4 units of PRBC were allocated to group B. [3] Data have been analysed using SPSS version 22. Numerical data are presented as median with range of minimum and maximum values or as mean with standard deviation as applicable. Categorical data are expressed in number with the corresponding percentage. Chi-square test or Fisher exact test was used for categorical variables as applicable. Normally distributed continuous variables were analysed using the Student t-test, whereas Mann-Whitney U test was used for non-parametric data. Univariate and multivariate logistic regression analysis was performed to determine the significance and odds ratio for various preoperative factors and intraoperative parameters which could predict intraoperative PRBCs transfusion. The results are presented as odds ratio with 95% confidence interval for all parameters. P value <0.05 was considered significant.
RESULTS
A total of 258 adult patients underwent LDLT (right lobe) for CLD during this period. About 79 patients received less than 4 units of PRBC transfusion and were thus placed in group A, and 179 out of 258 patients received more than 4 units of PRBC transfusion and were thus placed in group B. In our series, the graft-to-recipient weight ratio (GRWR) in both the groups varied between 0.8 and 1.1. Table 1 shows the demographic and clinical factors analysed with their corresponding P values. The age and BMI were comparable between the two groups. In both groups A and B, there were more male patients as compared to female patients. In both groups, the most common aetiology was alcohol (44.3% in group A vs. 59.88% in group B) followed by viral hepatitis (hepatitis B and C). The prevalence of diabetes mellitus, hypertension and AKI was similar in the two groups. Significantly greater number of patients had a history of SBP and HRS in group B when compared to group A (27.4% and 19.2% in group B vs. 10.1% and 12.7% in group A, respectively). The difference in the mean MELD scores between patients in group A and B was around 3 and the MELD Na was comparable in both groups. Laboratory investigations for both groups are shown in Table 2 . Among laboratory investigations, significantly higher serum bilirubin, blood urea and serum creatinine values were seen in group B. The mean haemoglobin was also around 2 g/dl lower in group B which was statistically significant (10.06 ± 1.85 mg/dl in group A and 8.74 ± 0.1.5 mg/dl in group B, P = 0.008). Baseline TEG parameters, that is, the median R time, K time, alpha angle and MA, are shown in Table 2 .
The median R time in group B was 8.60 (3.9, 22.7) min which was significantly higher than that in group A [7.5 (1.6, 15.2) min]. MA was 45.65 (12.9, 69.9) mm in group B which was significantly lower than that of group A. Both the K time and the alpha angle were comparable between the two groups. Only two patients had fibrinolysis in group A and three in group B. Intraoperatively, patients in group B had a significantly longer duration of anhepatic phase and a longer surgical time [ Table 2 ]. The cold ischaemia time was 90 (20-260) min in group A and 95 (30-380) min in group B and the WIT was 42.84 ± 12.1 min in group A and 46.62 ± 12.88 min in group B [ Table 2 ]. The median number of FFPs, cryoprecipitates and SDPCs transfused was higher in group B when compared to group A.
The results of univariate analysis performed by logistic regression are described below:
It was seen that a higher male-to-female ratio was associated with higher odds of transfusion of more than four PRBCs [ Table 3 ]. Out of all the causes of CLD, alcoholic or viral aetiologies had a significantly higher odds ratio. Alcohol induced and viral aetiology predicted the need for MT with an OR of 3.87 (1.36-10.99) and 3.5 (1.11-10.02), respectively. A history of hypertension [OR 4.47 (0.95-21.05)] was also associated with greater PRBC requirement.
On univariate analysis, the presence of SBP was a predictive factor of increased blood transfusion with an odds ratio of 3.34 (1.42-7.9) [ Table 1 ]. Only 1 patient out of 79 patients in group A had PVT as against 7 out of 179 in group B [ Table 1 ]. High MELD score and the presence of PVT were predictors of MT with an OR of 1.06 (1.01-1.12) and 5.9 (0.7-49.76), respectively. MELD Na, history of variceal bleed, prior abdominal surgery, hepatic encephalopathy, hydrothorax, hepatocellular carcinoma and hepatic vein portal gradient did not predict MT [ Table 3 ].
The results of univariate analysis of laboratory investigations are shown in Table 4 . On univariate analysis, low haemoglobin [OR 0.63 (0.51-0.77)] and high serum bilirubin levels [OR 1.05 (1.009-1.0840)] emerged as predictors of MT. In addition, significant predictors were high blood urea and low serum fibrinogen levels. Interestingly, deranged INR and a low platelet count or serum albumin levels did not predict MT. Increase in R time was associated with a 23% higher chance of transfusion of >4 PRBCs. Higher MA was associated (P = 0.007) with transfusion of less than 4 PRBCs as was a larger alpha angle (P = 0.042). K time was not significant on univariate analysis.
Among surgical factors, the duration of anhepatic phase as well as that of total surgery was associated with more transfusion. It was seen that patients who had received more platelet, FFP and cryoprecipitate transfusions also had more PRBC transfusion [ Table 4 ].
Forward stepwise multivariate logistic regression analysis was applied to the predictors found to be significant on univariate analysis. This helped identify independent predictors of MT. It was seen that increased transfusion of FFP was associated with MT with an odds ratio of 1.55 [95% CI (1.26-1.90), P = 0.001] and the predictive value of this model was found to be 80.5%.
DISCUSSION
Intraoperative blood transfusion is associated with increased morbidity (acute kidney injury, sepsis) as well as mortality. [5, [10] [11] [12] Moreover, arranging blood products leads to increased utilisation of blood bank resources and finances. [6] In this regard, identifying predictors of MT is an area of continuous research. Considering 1-year graft survival is decreased in recipients receiving more than four units of blood transfusion, [13] we conducted this retrospective analysis to identify factors which could predict the need for transfusion of more than four PRBCs intraoperatively. Forty-three perioperative factors of patients who underwent LDLT over 5 and half years at a single centre in India were analysed. Of these alcohol-and viral-related CLD, a history of SBP, hepatic encephalopathy, hypertension, a high MELD score, PVT, low haemoglobin, high bilirubin, high blood urea and creatinine, low fibrinogen, increased duration of surgery, anhepatic time and greater utilisation of FFP and other blood products were significant predictors of MT on univariate analysis.
There is a lot of heterogeneity with regard to the transfusion trigger and the number of units of PRBC transfusion analysed. [14] [15] [16] [17] [18] [19] For example, Roullet et al. [16] had analysed the predictors for more than 1 volume of blood loss and Steib et al. [19] analysed the need for more than 12 units of RBC transfusion. Similarly the transfusion trigger ranged between 6 and 10 g/dl in various studies. [15, 19] It was seen in the present study that 69.38% patients received more than 4 units of PRBC transfusions. The average haemoglobin level (Hb) was 10.06 ± 1.85 g/dl in group A and 8.74 ± 1.5 g/dl in group B. Each institution has its own transfusion protocol. [20] At our centre, transfusion of blood products was based on the presence of clinical ooze in the surgical field guided by TEG and the threshold for PRBC transfusion was an Hb of 8 g/dl. On analysis, haemoglobin was not found to be a predictor for MT. This was perhaps because the average Hb of our patients was higher than our transfusion trigger.
Since patients with CLD have a rebalanced status of coagulopathy, using algorithms based on viscoelastic tests (i.e., TEG and ROTEM) rather than conventional tests (i.e., platelet count and INR) have been found to be associated with lower intraoperative PRBC transfusions. [1, 7, 13] Though Esmat Gamil et al. [14] found INR to be a predictive factor for transfusion of more than 6 units of PRBCs, our analysis in concordance with many other retrospective analysis [15, 16] did not find a prolonged INR value to be predictive of MT. On univariate analysis of baseline TEG, deranged R time, MA as well as alpha angle were associated with greater PRBC transfusion as has been shown earlier. [17] MELD score has been inconsistently found to be a predictor of massive blood transfusion probably because INR value is used to derive MELD score. [18, 19] In the current analysis too, MELD score was found to be significant on univariate analysis but not on multivariate analysis. Similarly, we found that low fibrinogen levels were also significant only on univariate analysis. In a study conducted by Findlay et al., [21] high serum bilirubin was an independent predictor, but on literature review, it is noted that this finding has not been replicated in other studies.
In concordance with this, in the present study too, high bilirubin level was not found to be significant on multivariate analysis. Though the presence of PVT (requiring intraoperative thrombectomy) and adhesions due to previous abdominal surgery lead to significant blood loss, the number of patients having PVT or prior abdominal surgery in the current study was too low to draw any statistical inference. In this present study, the duration of surgery significantly predicted the need for greater PRBC transfusion on univariate analysis as reported previously. [18] Preoperative variables show poor correlations, and in spite of many attempts, predicting intraoperative PRBC transfusion remains difficult. [9, 16, 21] In the retrospective analysis conducted by Roullet et al., preoperative haemoglobin, Child class and a history of oesophageal bleeding were risk factors on multivariate analysis. [16] McCluskey et al. [22] developed a risk index based on age, preoperative haemoglobin, platelets, INR, creatinine and albumin to predict blood loss, which was validated by Escoresca et al. [23] However, this study was conducted during the initial stages of the liver transplant programme at their centre. The authors acknowledge that the number of PRBC transfusions required intraoperatively has since reduced which could be a result of improvement in operative skills. Deakin et al. also suggested that the experience of the surgical team has got high influence on intraoperative blood loss and subsequent transfusion. [24] In this present study, the only independent factor on multivariate analysis associated with MT was the number of units of FFPs transfused. Viscoelastic tests like ROTEM and TEG are commonly used to assess coagulation and guide blood product transfusion. [25] Indeed, in a single-centre study, maximum amplitude less than 47 mm on TEG predicted the need for MT in liver transplantation. [26] In our centre, FFP and other blood product transfusions were guided by TEG in the presence of clinical oozing. On no occasion was FFP transfused as a fixed ratio with PRBC. Perhaps, the use of prothrombin complex concentrates instead of FFP can reduce PRBC transfusion by reducing losses associated with fluid overload. [27] In a recent study published from Mayo Clinic, the authors stated that the predictors of transfusion did not appear to be strong enough to change the practice of preoperative preparation of blood products. [28] This present study in recipients of LDLT also failed to identify factors which could consistently predict the need for MT preoperatively. With growing experience of transfusion, efforts could be made to identify patient characteristics preoperatively who could have a LT with low-volume transfusion.
This study has a few limitations. We did not take into account a change in transfusion trend which could have occurred over 5 years with improvement of surgical and anaesthetic skills. Moreover, the study did not focus on the role of central venous pressure during intraoperative management. In spite of these limitations, it must be noted that unlike most studies which have been conducted in the setting of deceased donor liver transplantation, the present study evaluated predictors during LDLT where a split graft is used. Further research on volume restrictive strategies incorporating FFP substitutes like prothrombin complex concentrates and algorithms targeting higher transfusion triggers for blood products are needed.
CONCLUSION
In this study conducted over 5 and a half years in an LDLT setup, it was difficult to identify predictors of MT.
Until conclusive data emerge from further research, it continues to be imperative to anticipate blood loss and arrange adequate blood and blood products for each liver transplantation.
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